INTRODUCTION
Current opinion concerning the impaired output of water in patients suffering from cirrhosis of the liver (1, 2) or from congestive heart failure (3) emphasizes primarily the impaired excretion of sodium with consequent retention of water, and only secondarily tends to implicate the neurohypophysial antidiuretic hormone as a responsible agent (4, 5) . The present studies and discussion are meant to explore more fully the physiology of this hormone in these diseases.
The relationship of the antidiuretic hormone to the abnormal retention of water in edematous states has been studied in several ways. Thus, following oral hydration with water, impaired water diuresis 5 has been demonstrated in patients with cirrhosis of the liver (4, 6, 7) , and a water tolerance test based on this phenomenon has been employed for some years. A subnormal urinary excretion of water following intravenous hydration with 5 per cent glucose in water in some patients with cirrhosis has also been reported (4) . Similarly, delayed water diuresis following the 1 Presented in abstract form in the program of the Forty-Fourth Annual Meeting of the American Society for Clinical Investigation at Atlantic City, New Jersey on May 5, 1952 . 2 This study has been supported by a grant from the American Heart Association. subnormal, the water diuresis may be described as "impaired." oral ingestion of water by patients suffering from congestive heart failure has been reported (8) . In order to establish the possible retention of water independent of that of sodium in hepatic and cardiac disease, investigators have sought for, and reported, increased amounts of an antidiuretic substance (ADS) in the blood (9) and urine of patients with cirrhosis of the liver (10, 11, 12) and in the urine of those suffering from congestive heart failure (13) . Such increases in circulating and urinary ADS might be explained on the basis of overproduction of antidiuretic hormone, decreased "inactivation," 6 or a combination of both processes.
Small doses of Pitressin have been administered intravenously to patients with hepatic cirrhosis in order to study the rate of inactivation, which proved to be normal in these subjects (14, 15) . To the extent that the inactivating mechanisms for endogenous antidiuretic hormone and Pitressin are similar, a decreased rate of inactivation of antidiuretic hormone seems to be excluded. Evidence suggesting that the inactivating mechanisms for endogenous antidiuretic hormone and Pitressin are indeed similar in patients with hepatic cirrhosis has been recently provided by Bernstein and co-workers (16) . These investigators reported essentially similar antidiuretic responses of cirrhotic patients and normal subjects to Pitressin and to intravenous nicotine salicylate, which discharged endogenous ADH. Overproduction of this hormone, therefore, appears to be a more likely explanation for the reported increases of ADS in the blood and urine in cirrhosis (14) , if ADS is indeed derived from or represents the neurohypophysial antidiuretic hormone. This will be discussed later in more detail.
Eisenmenger (2) has summarized some of the abnormalities of water metabolism in the patient with cirrhosis and ascites and their possible relationship to increased production of the antidiuretic hormone. Following the ingestion of sodium by the cirrhotic, the deficient excretion of this ion may result in such prolonged relative elevation of the serum sodium as to stimulate the secretion of ADH. Hyponatremia may then reflect the retention of water out of proportion to sodium, due to this increased production of ADH. Another possible cause of overproduction of ADH in the presence of a dilute extracellular fluid may be the stimulation of antidiuretic activity by a "volume receptor" in response to a decreased volume of cerebral blood and extracellular fluid. In support of such a hypothetical mechanism Eisenmenger adduces the work of Lewis, Buie, Sevier and Harrison (17), Leaf and Mamby (18), and Strauss, Davis, Rosenbaum, and Rossmeisl (19) .
On the other hand, a report of prolonged antidiuresis following the intravenous administration of Pitressin to three patients in congestive heart failure (20) suggests a decreased rate of "inactivation" of Pitressin, and/or an increased sensitivity of the end-organ, the renal distal tubule.
Increased neurohypophysial antidiuretic activity resulting in water retention has also been suggested by the occurrence of hyponatremia in some patients with congestive heart failure (21-24).
Stead (25) has discussed the objections to such a concept.
The specific aims of the present experiments have been to: (1) study water diuresis following intravenous hydration with 5 per cent glucose in water in patients with congestive heart failure; (2) observe the effects of Pitressin administered intravenously during the course of continuous intravenous hydration; and (3) compare the responses of these cardiac patients with those demonstrated previously by patients with cirrhosis of the liver, and by control subjects.
EXPERIMENTAL
Water diuresis following intravenous hydration with 5 per cent glucose in water was studied in 10 patients suffering from congestive heart failure. In six of these the effect of single intravenous doses of Pitressin (0.57 mU per Kg.), administered during continued intravenous hydration, was also determined. Similar studies were performed on a patient with cirrhosis of the liver associated with ascites and edema (R. A.), in addition to those on hepatic patients reported previously (14) . Table I presents a brief resume of the clinical features of these experimental patients. The ten cardiacs and J. C., a cirrhotic, were on a low-salt regimen (500 mg. sodium per day); all other experimental subjects were on a regular intake of salt.
Each subject was in a fasting state for 15 hours. Prior to the beginning of the experiment, one glass of water was taken orally every half hour for two hours. An intravenous infusion of 5 per cent glucose in water (average flow of 10 cc. per minute) was then started and continued throughout the entire experiment. When the rate of urine flow reached and maintained a plateau for three collection periods (each approximately fifteen minutes long), 0.57 mU per Kg. of Pitressin was injected rapidly into the infusion tubing near the needle.
The urinary bladder was washed out with distilled water and air at the end of each collection period (about fifteen minutes in length) through an indwelling six-holed catheter.
Blood specimens were obtained at the beginning of an experiment, at the height of the diuresis, at the height of antidiuresis, and at the end of the procedure.
The calculations and definitions employed in the present paper are the same as those used previously (14) . The "per cent inhibition" = Expected diuresis minus observed diuresis X 100
Expected diuresis The "expected diuresis" is the urine flow that would have been obtained if the initial rate, observed just before the Pitressin was injected, had been maintained throughout the period of Pitressin effect.
METHODS
Hematocrit determinations on heparinized blood were performed by centrifuging in Wintrobe tubes at 2,500 rpm. for 30 minutes. Serum and urinary creatinine chromogen concentrations were measured by Peters' modification of the Folin method (26) ; urinary sodium and potassium, and serum potassium and sodium were measured with an internal standard Perkin 52A flame photometer; serum sodium, as indicated, was measured by the Butler-Tuthill gravimetric method (27) ; chloride was determined by the Van Slyke-Hiller modification of Sendroy's iodometric method (28) ; and urinary glucose measured by the method of Benedict (29) . Standard methods of statistical analysis were employed (30) .
RESULTS

A. Endogenous creatinine chromogen clearance
The endogenous creatinine chromogen clearance averaged 67 + 21 cc. per min. in the cardiac patients; 85 ± 9 cc. per min. in those with hepatic disease; and 80 ± 25 cc. per min. for the controls (mean of 99.7 cc. for the non-arthritic controls, * The numbers in parentheses after the initials of the following cardiac subjects indicate the days preceding the experimental run on which a mercurial diuretic was administered; a number followed by an asterisk denotes the length of the hospital stay preceding the investigation, and represents a known minimum period during which no mercurials were administered: S. K. (30, 28, 26, 12) ; P. Z. (10*); and S. P. (19, 14, 8) .
The absence or presence of ascites and peripheral edema is denoted by 0 or +, respectively.
t AS-Ascites; P.ED.-Peripheral Edema.
$ Ccr-Endogenous Creatinine Clearance. § Urine flow did not return to pre-Pitressin level during experimental period.
Abbreviations: P.D.-Peak Diuresis; ASHD-Arteriosclerotic heart disease; RHD-Rheumatic heart disease;
HHD-Hypertensive heart disease. Data on these patients (except for R. A.) have been presented previously. Note: All ten cardiac patients were in congestive heart failure. and 61 cc. per min. for the patients with arthritis) (Table I Figure 1 ). Four of the cardiacs were not given Pitressin; in two of these (T. N. and S. P.) the urine flow during the hydration period did not reach rates deemed high enough, while restiveness in the other two (A. P. and P. Z.) precluded complete study.
Of the six cardiac patients in whom the effects of intravenous Pitressin (0.57 mU per Kg.) were studied, five demonstrated responses which were similar to those reported for controls and for hepatic patients. The "per cent inhibition" and duration of Pitressin effect could not be calculated for L. R. because the experiment was not run long enough to permit the urine flow to return to prePitressin levels. Thus, for the four cardiac patients, H. D., E. S., G. M., and F. C., the duration of Pitressin antidiuresis averaged 58.6 + 3.4 min. (P = 0.20 for cardiacs vs. controls, and 0.12 for cardiac vs. hepatic patients). The "per cent inhibition" of diuresis in the patients with congestive heart failure averaged 51.7 3.4 per cent (P = 0.16 for cardiacs vs. controls, and 0.55 for cardiac vs. hepatic patients) (Figure 2 ). The other cardiac patient, S. K., demonstrated an enhanced Pitressin antidiuresis (Figure 3 ). Table II presents the effect of Pitressin on the serum electrolytes. Pitressin had no statistically significant effect on the serum concentrations of sodium, chloride or potassium in the cardiac patients (except G. M.).
C. Serum electrolytes
Although the initial concentrations of sodium and chloride in the serum tended to be lower in the cardiac patients than in the other groups, the only statistically significant difference was that observed in the chlorides.
D. Urinary electrolytes
The renal excretion (mEq. per min.) of sodium and chloride during the hydration period (H) as well as during antidiuresis was significantly lower in the cardiac than in the controls (for chloride, P = 0.006 and for sodium, P = 0.004). If one of the cirrhotics, M. W., is excluded, there is no statistically significant difference in the urinary excretion of sodium and chloride between the cardiac and hepatic patients. The excretion of potassium in the urine (mEq. per min.) during the hydration period was the same for the three groups of experimental subjects. (32) believe that the time required for the attainment of peak diuresis may be a measure of the ADH present (in the kidney and circulating in the blood) when the water was ingested. If this is correct, then the demonstration (that the time required for maximum diuresis in the patients with heart disease was not significantly different, statistically, from that observed in liver disease or in control subjects) would tend to exclude hypersecretion of ADH in our patients suffering from either of these diseases.
It is difficult to reconcile such apparent lack of hypersecretion and the absence of deficient inactivation of the hormone with the reported increases of an antidiuretic substance (ADS) in the urine of such patients as well as in the serum of cirrhotic patients, unless one were to assume that ADS is indeed not derived from the neurohypophysial antidiuretic hormone.
2. Peak rate of diuresis While the peak rate of diuresis attained in the patients with cirrhosis was not significantly different statistically from that observed in the control subjects, the peak rate in the cardiac patients "Pre-Pitressin control period" (H) is that portion of the intravenous hydration period which just precedes the Pitressin injection, and which is equal in time to the "antidiuresis period" for a given patient. was significantly lower than in the other two groups. Since the time required for the attainment of peak diuresis was normal and Pitressin was handled normally by the cardiac patients (with one exception), it is unlikely that abnormalities of ADH metabolism were responsible for the diminished peakcdiuresis. Among the differences noted in the cardiac patients from the other two groups were the diminished urinary excretion of sodium and a tendency for the endogenous creatinine clearances to be lower. Since the renal tubular reabsorption of sodium may be associated with that of water, increased reabsorption of the sodium ion might explain a smaller excretion of water. All else being equal, the level of peak diuresis is a function of the glomerular filtration rate, decreases in which would tend to diminish the level of peak diuresis attained (33 Since it has not been proved that ADS is indeed derived from ADH (34), overproduction of ADH in these disease states cannot be postulated with any degree of certainty at this time. Finally, as mentioned earlier in this discussion, the normal time for attainment of peak diuresis observed in both groups of patients might possibly be used to exclude hypersecretion of the neurohypophysial antidiuretic hormone in our patients with congestive heart failure as well as those with hepatic cirrhosis. Since the present series is relatively small, further study may reveal patients with more definite evidence of continued hypersecretion of ADH.
SUMMARY AND CONCLUSIONS 1. Water diuresis following intravenous hydration with 5 per cent glucose in water at 10 cc. per min. was studied in ten patients suffering from congestive heart failure. The time required for peak diuresis to be reached was 99.1 + 32.1 minutes, which did not differ significantly from the control. However, the average level of peak diuresis, 6.7 + 3.3 cc. per min., differed significantly from that observed in control subjects, 12.0 + 2.6 cc. per min., and in hepatic patients, 11.0 ± 2.9 cc. per min.
2. Pitressin antidiuresis was studied in six of the cardiac patients. In four of these, the per cent inhibition of diuresis and the duration of Pitressin effect did not differ significantly from the control, but in one of the cardiacs there was a significantly enhanced Pitressin antidiuresis.
3. Pitressin, in the dosage used, did not affect the concentrations of serum sodium, chloride or potassium in the patients with congestive heart failure, but tended to lower the serum sodium of the hepatic patients.
4. To the extent that the "inactivating" mechanisms for Pitressin and the antidiuretic hormone (ADH) are similar, our demonstration of normal rates of inactivation of Pitressin (in physiological dosage) in patients with hepatic cirrhosis or congestive heart failure tends to exclude a decreased rate of inactivation of ADH (in physiological amounts) in these diseases. 5 . If the reported increases of antidiuretic substance (ADS) in the blood and urine of such patients represent increased amounts of endogenous ADH, then the exclusion of a decreased rate of inactivation -of ADH would tend to favor increased production as an explanation for the findings. However, evidence available at present does not definitely establish the conclusion that such continued overproduction of ADH exists.
